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Abstract 
Physical causes of the formation of magnetic characteristics amorphous soft magnetic alloys under heat treatment in air have 
been studied. It has been established that the physical causes of the formation of the magnetic characteristics of the cobalt-based 
alloys are the same as those for iron-based alloys. Change in the magnetic characteristics after annealing results from the 
relaxation of the quenching induced internal stresses, as well as from the effect of the stresses induced by the hydrogen and 
oxygen atoms embedded into the ribbon surface in the course of its interaction with water vapor in air and by the formation of the 
amorphous-crystalline surface layer. The study of the magnetization distribution and the magnetic characteristics of the Co–Fe–
Ni–Cr–Si–B amorphous soft magnetic alloy have shown the possibility of using the vapor treatment of the amorphous soft 
magnetic alloy ribbon surface to determine the sign of its magnetostriction. The magnetostriction sign dependence on the 
structural state of the ribbon is found on the basis of the obtained results. 
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1. Introduction 
The electromagnetic field of the industrial frequency is unfavorable factor that has influence on the personnel 
health during operation with the high voltage electrical installation. In this case, static shielding method using 
ferromagnetic materials with high magnetic permeability becomes useful. Ribbons of the amorphous soft magnetic 
cobalt-based alloys are used in electronics and also in magnetic shielding (Chen et al. (2002)). Magnetoimpedance 
(MI) changes due to surface modification of the sensitive element caused by chemically active medium can be used 
in the development of various sensors including a biosensor working on a principle of electrochemical 
magnetoimpedance spectroscopy (Kurlyandskaya et al. (2007)). They have high values of the maximum magnetic 
permeability (μmax) even in the as-quenched state due to low values of saturation magnetostriction.  Magnetic 
properties of these materials can be improved by a heat treatment. Annealing in the air is the most economical 
option. It should not lead to noticeable oxidation of a ribbon surface because of the relatively low temperature of 
isothermal holding (350 – 400 oC). Determination of the mechanisms that contribute to the magnetic properties 
improvement leads to the properties optimization with the least time consumption.  
Analysis of the magnetic properties studies of rapidly quenched soft magnetic alloys shows that great works in 
this direction were occurred. The use of modern methods allows structural studies to be implemented at a high 
scientific level. It helps to establish a connection between the structure and the level of magnetic properties. In order 
to improve magnetic properties of rapidly quenched soft magnetic alloys it is used generally the same methodology 
as for crystalline materials. It mainly includes thermal, thermomagnetic and laser treatment. Hence, the 
improvement of magnetic properties as a result of these treatments were explained by only following causes: 
relaxation of internal stresses at elevated temperatures, inducing anisotropy by magnetic field and mechanical 
stresses, destabilization of domain walls (Wang et al. (1983), Noskova et al. (2005), Kekalo et al. (1984), Kekalo et 
al. (2005), Egami (1978), Komatsu et al. (1985), Luborsky et al. (1978), Dragoshanskii et al. (1993)).
Iron-based amorphous soft magnetic alloys compared to cobalt-based alloys have relatively high saturation 
magnetostriction. For iron-based alloys the magnetization distribution and magnetic properties are more sensitive to 
the level of the internal stresses. Therefore, the mechanisms of heat treatment in air were first investigated for these 
alloys. The results of the investigation into the effect of heat treatment in air on the magnetic properties of ribbons of 
amorphous soft magnetic iron-based alloys suggest the physical model that makes it possible to understand changes 
in the set of magnetic properties caused by heat treatment (Skulkina et al. (2001), Skulkina et al. (2005)). Along 
with the stress relaxation during the heat treatment, the interaction of ribbon surface with atmospheric water vapor 
and the formation of surface amorphous–crystalline layer are of importance. The atoms of hydrogen and oxygen 
embedded in the ribbon surface upon its interaction with water vapor induce plane tensile stresses in the amorphous 
matrix. Such stresses additionally reduce the volume of domains with orthogonal magnetization and weaken the 
stabilization of the domain walls with planar magnetization. The oxidation and hydrogenation occur in an 
anisotropic fashion. Since this is energetically favorable (Kekalo et al. (1989)), an enhanced concentration of atoms 
incorporated into the surface arises in the direction perpendicular to the resulting magnetization that assists the 
formation of a pseudo-uniaxial tension in this direction. 
A change in the experimental conditions is one of the most important factors corroborating the reliability of the 
suggested model. For this purpose electrolytic oxidation and hydrogenation, water and vapor treatments of the 
ribbon surface of amorphous soft magnetic iron-based alloys were carried (Skulkina et al. (2011), Skulkina et al. 
(2010), Skulkina et al. (2014)). 
2. Experimental 
The investigation was performed on the ribbon samples of amorphous soft magnetic Fe77Ni1Si9B13 and 
Fe81B13S4C2 alloys with a positive magnetostriction and a close level of their magnetic properties. The samples were 
used both in the as-quenched state and after annealing in air. The samples (with dimensions of 110 × 10 × 0.025 
mm) were fabricated from ribbons of the commercial alloys. The specific magnetic losses were measured by the 
wattmeter method with an error of ~4% in the regime of sinusoidal induction that was maintained with the help of a 
feedback amplifier. The magnetization curves and hysteresis loops in the static regime of magnetization reversal 
were measured by the induction pulse method. The magnetization distribution: relative volumes of domains with 
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orthogonal (Vԋ) and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon 
was determined by using the author's method (Skulkina et al. (2001)) with the error of about 5%. The method is 
based on the measuring dependences of the residual induction (Br) of the maximum induction (Bm) with employing 
correlation dependences between the volume of domains with orthogonal magnetization, which was determined 
from Mēssbauer studies, and the Br(Bm) dependence, which was determined from the minor hysteresis loops. The 
errors in the determination of magnetic permeability and specific magnetic losses amounted to about 3%. The 
thermal treatments were performed on samples with the same magnetization distribution in the initial (as-quenched) 
state and a similar level of magnetic properties. 
3. Results and discussion 
The results of the study of the electrolytic oxidation and hydrogenation effect on the magnetization distribution 
and magnetic properties of the Fe–B–Si–C alloy samples that were preliminarily heat-treated in air at 380 °ɋ with a 
2 minutes isothermal holding are presented in the Table 1 (Skulkina et al. (2011)). The results showed that the 
electrolytic hydrogenation does not lead to changes in the relative volume of domains with orthogonal 
magnetization, whereas the saturation of the ribbon surface with oxygen favors some increase in the volume of 
domains with planar magnetization, which is caused by a relatively large effective diameter of oxygen atoms, which 
induce a higher level of planar tensile stresses in the amorphous matrix upon the incorporation into the ribbon 
surface layer. After electrolytic oxidation and hydrogenation, the magnetization redistribution in the ribbon plane 
occurs in the same manner. The observed reduction in the volume of domains with the planar magnetization oriented 
along the ribbon axis is due to appearing of the pseudo-uniaxial tension in the ribbon plane across its axis because of 
the incorporated atoms concentration enhancement in this direction. The changes in the magnetic properties of the 
alloys under study are in complete agreement with changes in the magnetic state of the ribbon. 
Table 1. Effect of hydrogenation and oxidation on the magnetization distribution: relative volumes of domains with orthogonal 
(Vԋ) and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon and magnetic 
properties: the maximum magnetic permeability (μmax), the magnetic losses at 0.6 T and 400 Hz (Ɋ0,6/400) received for pre-
annealed samples of the amorphous Fe–B–Si–C alloy  
The Tables 2 and 3 illustrate the influence of the interaction of the ribbon surface with water on the 
magnetization distribution and the maximum magnetic permeability. Activation of water was carried out by the 
action of ultrasound with the frequency of 44 kHz. According to our estimates, the power of the disperser was 
sufficient to ionize partially the water. 
Table 2. Effect of holding in water at 20°C for 60 minutes on the maximum magnetic permeability (μmax) and magnetization 
distribution: relative volumes of domains with orthogonal (Vԋ) and planar (Vpl) magnetization oriented along (V180) and 
transversely (V90) to the axis of the ribbon in the as-quenched Fe77Ni1Si9B13 alloy samples  
State V⊥, % Vpl, % V180, % V90, % μmax Ɋ0,6/400, W/kg 
Initial (heat-treated) 15 85 72 13 23000 0.82 
After hydrogenation 16 84 64 20 20000 1.70 
Initial (heat-treated) 14 86 71 15 28000 0.80 
After oxidation 10 90 52 38 38000 0.86 
Characteristic 
Initial state After water action 
Relative changes of characteristics from 
initial state , % 
as-quenched  water activated water water activated water 
μmax 4500 4200 3900 -7 -14 
V⊥, % 38 38 37 0 -3 
Vpl, % 62 62 63 0 +2 
V90, % 20 24 27 +19 +35 
V180, % 46 42 39 -9 -16 
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Table 3. Effect of holding in water at 20°C for 15 minutes on the maximum magnetic permeability (μmax) and magnetization 
distribution: relative volumes of domains with orthogonal (Vԋ) and planar (Vpl) magnetization oriented along (V180) and 
transversely (V90) to the axis of the ribbon in the Fe77Ni1Si9B13 alloy samples after heat treatment 
The analysis of the results of the investigation made it possible to establish that the interaction of the ribbon 
surface of amorphous silicon-containing soft magnetic iron-based alloys with water leads to a reduction in the 
maximum magnetic permeability due to the magnetization redistribution in the plane of the ribbon, namely, due to a 
decrease in the volume of domains with the planar magnetization oriented transversely to its axis. As the result of 
the local directed ordering in this direction, the enhanced concentration of atoms incorporated into the ribbon 
surface is formed, giving rise to a pseudo-uniaxial tension and magnetization reorientation. Qualitatively, it is 
identical to the action of water that was preliminarily activated with ultrasound. Nevertheless, quantitatively the 
impact of water after preliminary ultrasonic treatment is higher. A stronger response of this alloy ribbon surface to 
water can be caused by a larger concentration of atoms incorporated into the surface layer and, hence, by a higher 
level of induced stresses. It is seen that, for the samples that were preliminarily heat-treated in air at 400 °ɋ with the 
duration of isothermal holding of 15 min the action of water favors the reduction in the maximum magnetic 
permeability. That is connected with the magnetization redistribution in the ribbon plane, i.e., with an increase in the 
volume of domains with the planar magnetization oriented transversely to the ribbon axis at the expense of the 
corresponding decrease in the volume of domains with a magnetization directed along the ribbon axis. Nevertheless, 
it is worth noticing that in this case the changes in the magnetic characteristics due to the action of water without 
preliminary activation and of activated water are nearly the same. This can be related to the fact that the oxidation 
and hydrogenation of the ribbon surface upon its interaction with atmospheric water vapor takes place already 
during the heat treatment. An enhanced sensitivity of the ribbon surface of the Fe77Ni1Si9B13 alloy, as compared to 
the Fe81B13Si4C2 alloy, can be caused by a higher content of silicon, which is a fairly strong deoxidizing agent, with 
allowance of the fact that the silicon distribution over the ribbon cross section is nonuniform and the ribbon surface 
is enriched with the silicon (Skryabina et al. (2000)). 
The results of the vapor effect on the maximum magnetic permeability and magnetization distribution in the as-
quenched Fe77Ni1Si9B13 samples are shown in the Tables 4 - 6 (Skulkina et al. (2014)). It can be seen that the vapor 
treatment of the ribbon surface almost exerts an influence on the relative volumes of domains with orthogonal and 
planar magnetization for the both Fe–Ni–Si–B and Fe–B–Si–C samples. The effect of the treatment-induced plane 
stresses in this case is substantially less than the corresponding effect of quenched stresses and shape of the sample. 
Nevertheless, magnetization in the ribbon plane is redistributed due to the vapor treatment; i.e., the volume of the 
sample with planar magnetization oriented transverse to its axis is increased because of the decrease in the volume 
of domains with magnetization oriented along its axis. The character of the magnetization redistribution in the 
ribbon plane is the same for the samples of different alloys (see Table 4). Since the effect of the sample shape on the 
magnetization distribution at the room temperature is decisive and results in the predominant orientation of 
magnetization along the sample axis in the ribbon plane, an enhanced concentration of hydrogen and oxygen atoms 
introduced into the ribbon surface is localized transverse to the sample axis. Pseudo-uniaxial tensile stresses are 
induced in this direction that increase the volume of domains with the planar magnetization oriented transverse to 
the sample axis. The reduction in the volume of domains with magnetization oriented along the sample axis is 
mainly responsible for a decrease in the maximum magnetic permeability and growth of coercive force and 
hysteresis losses upon vapor treatment of the samples. 
Characteristic 
Initial state After water action 
Relative changes of characteristics from 
initial state, % 
heat-treated water activated water water activated water 
μmax 23600 22400 22700 -5 -4 
V⊥, % 14 14 14 0 0 
Vpl, % 86 86 86 0 0 
V90, % 30 33 33 +9 +9 
V180, % 56 53 53 -6 -5 
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Table 4. Effect of vapor treatment (VT) of ribbon surface in the as-quenched state on the magnetization distribution: relative 
volumes of domains with orthogonal (Vԋ) and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the 
axis of the ribbon in amorphous soft magnetic Fe77Ni1Si9B13 and Fe81B13Si4C2 alloys samples 
The results of the effect of vapor treatment of the ribbon surface at room temperature on the magnetization 
distribution and maximum magnetic permeability of the samples of the Fe–Ni–Si–B alloy that were preliminarily 
heat-treated in air at 430 °C with isothermal holding for 1 min are listed in Table 5.  
Table 5. Maximum magnetic permeability (μmax) and magnetization distribution: relative volumes of domains with orthogonal 
(Vԋ) and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon in samples of the 
ribbon of an amorphous soft magnetic Fe77Ni1Si9B13 alloy after in-air heat treatment (HT) at 430°C and subsequent vapor 
treatment (VT) 
Since in this case too, the resulting magnetization in the ribbon plane is oriented along the sample axis at room-
temperature, a reduction the volume of domains with magnetization oriented along the axis of the ribbon in its plane 
and the maximum magnetic permeability take place after vapor treatment. In this instance, the volumes of domains 
with the orthogonal and planar magnetization likewise remain unaltered. 
Table 6 display the results of the effect of preliminary vapor treatment on the maximum magnetic permeability 
and magnetization distribution in the samples of the amorphous soft magnetic Fe77Ni1Si9B13 alloy after in-air heat 
treatment at 410 °C with the optimum isothermal holding duration of 20 min and cooling rates of 15 and       
40 °C/minutes. Due to this heat treatment of the ribbon, its state with a surface amorphous–crystalline layer of
optimum thickness is formed (Skulkina et al. (2015)). It can be seen that the limitation of the activity of diffusion 
processes through enhancement in the cooling rate leads to an increase in the maximum magnetic permeability and 
ratio V180/V90. A distinctive feature is that, in this case, the enhancement in the cooling rate favors a decrease in the 
relative volume of domains with orthogonal magnetization. This can be caused by the state with a higher 
concentration of hydrogen and oxygen atoms introduced into the ribbon surface during annealing and inducing plane 
tensile stresses whose effect manifests itself at lower internal stresses against a background of predominantly plane 
tensile stresses created by the surface amorphous–crystalline layer. In addition, an enhancement in the degree of the 
sharpness of magnetic texture in the plane of the ribbon along its axis is also connected with the retention of a higher 
concentration of atoms introduced in this direction and, hence, a high level of the pseudo-uniaxial stress along the 
axis of the ribbon in its plane. 
Table 6. Maximum magnetic permeability (μmax) and magnetization distribution: relative volumes of domains with orthogonal 
(Vԋ) and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon in samples of the 
amorphous soft magnetic Fe77Ni1Si9B13 alloy after in-air heat treatment (HT) at 410 °C and the duration of isothermal holding 
20 minutes by cooling rates 15 and 40 °C/minutes with and without preliminary treatment of the surface with water vapor (VT) 
Alloy State of the ribbon V⊥, % Vpl, % V90, % V180, % 
Fe77Ni1Si9B13
As-quenched 42 58 19 39 
After VT 42 58 24 34 
Fe81B13Si4C2
As-quenched 38 62 20 42 
After VT 38 62 26 36 
State of the ribbon μmax V⊥, % Vpl, % V90, % V180, % 
Heat-treated 32500 13 87 19 68 
After VT 21100 13 87 32 55 
Cooling rates, 
°C /minutes 
State of 
ribbon μmax V ⊥ , % Vpl, % V90, % V180, % V180/ V90
15  
HT 31000 12 88 26 62 2,4 
VT + HT 54000 10 90 15 75 5,0 
40  
HT 57000 8 92 21 71 3,3 
VT + HT 69000 9 91 15 76 5,1 
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It can be seen from Table 6 that the preliminary vapor treatment of the ribbon surface at room temperature leads 
to a considerable enhancement in the maximum magnetic permeability after in-air heat treatment at 410 °C with the 
optimum isothermal-holding duration. The magnetization distribution in the ribbon is responsible for the formation 
of the level of magnetic properties. At a cooling rate of 15 °C/minutes, the maximum magnetic permeability is 
enhanced due to a reduction in the relative volume of domains with orthogonal magnetization and an increase in the 
degree of the sharpness of magnetic texture in the plane of the ribbon along its axis. This may be connected with the 
following factors. Growth in the concentration of atoms introduced into the ribbon surface due to the preliminary 
vapor treatment, along with the surface crystallization, favors an enhancement in the level of plane tensile stresses, 
which results in an additional reduction in the relative volume of domains with orthogonal magnetization. The 
sufficiency of the annealing time for diffusion processes to occur favors a decrease in the concentration of atoms 
introduced into the ribbon surface transverse to its axis and obtaining the state with an enhanced concentration of 
hydrogen and oxygen atoms along the ribbon axis. As a result, the level of the pseudo-uniaxial stresses and relative 
volume of domains with magnetization oriented in this direction grow. In addition, the preliminary vapor treatment 
leads to increasing the concentration of hydrogen and oxygen atoms embedded in the plane of the ribbon transverse 
to its axis brings about a reduction in the rate of crystalline growth in this direction. Due to this, the pseudo-uniaxial 
stress transverse to the ribbon axis caused by anisotropic crystallization of the surface decreases, which likewise 
enhances the degree of the sharpness of magnetic texture along the axis. 
The heat treatment with enhanced cooling rate which was performed after the preliminary vapor treatment forms 
the same degree of the sharpness of magnetic texture in the ribbon plane as in the previous case. It is caused by the 
same factors. An increase in the maximum magnetic permeability as compared to the analogous heat treatment at the 
cooling rate of 15 °C/minutes is caused by the formation of the state with a smaller volume of domains with 
orthogonal magnetization and is connected with the retention of the state with a higher concentration of the atoms 
introduced into the ribbon surface because of the limitation of the diffusion processes activity at the cooling stage. A 
comparison of the results of the heat treatments effect with and without the preliminary vapor treatment at the 
cooling rate of 40 °C/minutes shows that here preliminary vapor treatment does not lead to a reduction in the 
volume of domains with orthogonal magnetization and obtaining higher values of the maximum magnetic 
permeability and it is connected with the formation of the state with a sharper magnetic texture in the plane of the 
ribbon along its axis. 
The effect of in-air heat treatment in combination with water vapor on the magnetic properties and magnetization 
distribution in amorphous soft magnetic alloys ribbons was investigated. The temperature lag of the dependence of 
the maximum magnetic permeability and relative volume of domains with orthogonal magnetization on the 
isothermal holding temperature is shown to occur and can be connected with the inhibition of surface crystallization 
processes  by the hydrogen and oxygen atoms introduced into the ribbon surface. Distinctive features of the heat 
treatment effect with and without vapor on the magnetization distribution in the ribbon plane that are explained 
within the theory of directed ordering with allowance for the processes of crystallization at the cooling stage were 
found. This demonstrates the importance of the diffusion processes contribution at this stage of treatment to the 
formation of the magnetic properties level. It is shown that the interaction between the ribbon surface and water 
vapor is not physical adsorption and the interaction with atmospheric gases is realized by dispersion forces and 
exerts an influence on the magnetization distribution in the ribbon plane and the level of magnetic properties 
(Skulkina et al. (2015)). 
Studying the effect of the interaction of the ribbon surface made of amorphous soft magnetic alloy with vapor at 
various stages of the in-air heat treatment on the magnetization distribution in the alloy and its magnetic 
permeability has confirmed the importance of the contribution of the stresses induced by the hydrogen and oxygen 
atoms incorporated into the ribbon surface to the magnetic characteristics of the alloy. The treatment of the ribbon 
surface with vapor at various stages of the heat treatment at the optimum duration of isothermal holding and at 
varied rates of cooling substantially increases the maximum magnetic permeability of the alloy. This is mainly due 
to the decrease in the relative volume of the orthogonal magnetization domains caused by the additional increase in 
the amount of the primarily plane tensile stresses, which are induced by the atoms incorporated into the ribbon 
surface (Skulkina et al. (2015)). 
Physical causes of the magnetic characteristics formation in cobalt-based alloys with a near to zero saturation 
magnetostriction under heat treatment in air have been studied using the Co–Fe–Ni–Cr–Si–B amorphous soft 
magnetic alloy as an example. The main results of the study are presented in Tables 7 and 8. The maximum 
magnetic permeability of the as-quenched specimens was ~30000, the relative volume of the orthogonal 
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magnetization domains was 15%, as well as the relative volume of the planar magnetization domains with the 
magnetization oriented parallel and perpendicular to the axis of the ribbon was 74 and 11%, respectively. The vapor 
treatment of the as-quenched ribbon surface has practically no effect on the magnetization distribution and on the 
maximum magnetic permeability, since in this case the stresses induced by the hydrogen and oxygen atoms 
incorporated into the ribbon surface are lower than the quenching-induced internal stresses (Skulkina et al. (2015)). 
The effect of heat treatment in air at the temperature of 380°ɋ on the magnetic permeability of the Co–Fe–Ni–
Cr–Si–B samples is shown in the Table 7. In this case, the duration of isothermal holding was 40 minutes, which is 
substantially longer than the optimum duration. It can be seen that this heat treatment favors an increase in the 
maximum magnetic permeability, while the relative volume of the domains with orthogonal magnetization 
somewhat decreases and the sharpness of the magnetic texture in the ribbon plane (which is characterized by the 
ratio V180/V90) diminishes. The vapor treatment of the ribbon surface in 40 days after annealing leads to an increase 
in the maximum magnetic permeability. This results from a decrease in the relative volume of the domains with 
orthogonal magnetization due to the effect of the predominantly plane tensile stresses induced by the incorporation 
of the hydrogen and oxygen atoms into the ribbon surface in the course of its interaction with water vapor. 
Therefore, in this case, a state with a positive magnetostriction is formed in the studied alloy ribbon after heat 
treatment.  
The reason for the increase in the maximum magnetic permeability after the vapor treatment is that the hydrogen 
and oxygen atoms incorporated into the ribbon surface induce predominantly plane tensile stresses. These stresses 
favor the decrease in V⊥, and the dominant effect of the shape-anisotropy energy leads to the increase in the relative 
volume of the planar magnetization domains with the magnetization oriented parallel to the axis of the ribbon. 
The effect of the vapor treatment of the ribbon surface weakens somewhat after two days due to an increase in 
the volume of the domains with orthogonal magnetization. This results from the partial removal of the incorporated 
atoms from the ribbon surface and leads to a decrease in the predominantly plane tensile stresses induced by these 
atoms, as it occurs after the electrolytic oxidation and hydrogenation of this surface (Skulkina et al. (2001), Skulkina 
et al. (2014)). In addition to these factors, the magnetization redistribution in the plane of the ribbon; i.e., an increase 
in the relative volume of the domains with planar magnetization oriented perpendicular to the axis of the ribbon and 
a decrease in the sharpness of the magnetic texture leads to a decrease in the maximum magnetic permeability after 
the interaction of the ribbon surface with the water vapor. The reason for this is the anisotropy of tensile stresses in 
the plane of ribbon which are induced in the matrix by the hydrogen and oxygen atoms incorporated into the ribbon 
surface. Since the resulting planar magnetization in the ribbon is oriented parallel to its axis, an increased 
concentration of the atoms incorporated into the surface of the ribbon is formed across its axis, which induces 
pseudo-uniaxial tension in this direction. 
Table 7.  Magnetic permeability (μmax) and magnetization distribution: relative volumes of domains with orthogonal (Vԋ) and 
planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon in Co-Fe-Ni-Cr-Si-B samples 
after annealing in the air with the isothermal holding duration considerably more than optimal and with vapor treatment 
 Sequence of  states of the ribbon μmax V ⊥, % V180, % V90, % V180/ V90
Heat treatment 470000 11.5 51 37 1.4 
Fourteen days after heat treatment 400000 22.5 45 33 1.4 
Forty days after heat treatment 330000 67 20 13 1.6
Just after vapor treatment 560000 11.5 73 15 4.9 
Two days after vapor treatment  480000 15.0 64 21 3.0 
9.5 months after vapor treatment 380000 5.2 84 11 7.4 
It can be seen in the Table 7 that the maximum magnetic permeability decreases with time. This change in the 
maximum magnetic permeability results from the magnetization redistribution in the ribbon: the relative volume of 
the orthogonal magnetization domains has increased from 11.5 to 67% in 40 days. The magnetization redistribution 
in the ribbon with time is associated with the fact that diffusion processes are carried out at room temperature. This 
leads to the further crystallization of the ribbon surface. An increase in the amorphous-crystalline surface layer 
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thickness favors growth in the volume component of the tensile stresses and gives rise to a stronger effect of this 
component on the magnetization  distribution in the ribbon, i.e., to a larger volume of the orthogonal magnetization 
domains. 
The magnetic permeability and the magnetization distribution in Co-Fe-Ni-Cr-Si-B samples after in-air heat 
treatment with duration of isothermal holding less than optimal and subsequent vapor treatment are presented in the 
Table 8. In this case vapor treatment leads to an increase in the relative volume of the orthogonal magnetization 
domains rather than a decrease in this volume. The hydrogen and oxygen atoms incorporated into the ribbon surface 
in the course of its interaction with water vapor induce tensile stresses in the ribbon plane. The magnetization 
reorientation into the direction perpendicular to the tensile stresses direction is possible for the state with negative 
magnetostriction. Basing on this, we can draw the conclusion that the heat treatment with the optimum duration of 
isothermal holding leads to the formation of the state with a negative magnetostriction in the ribbon.
Table 8. Magnetic permeability (μmax) and the magnetization distribution: relative volumes of domains with orthogonal (Vԋ) 
and planar (Vpl) magnetization oriented along (V180) and transversely (V90) to the axis of the ribbon in Co-Fe-Ni-Cr-Si-B 
samples after in-air heat treatment with duration of isothermal holding less than optimal and subsequent vapor treatment 
State of ribbon μmax V⊥, % V180, % V90, % V180/V90
Heat treatment 230000 6.2 71 22.6 3.1 
Just after vapor treatment 260000 7.5 89 3.4 26 
The data presented in the Table 8 shows that in this case the magnetization redistribution in the plane of the 
ribbon also occurs; V180 grows and V90 decreases, which increases the sharpness of the magnetic texture in the plane 
of the ribbon. The reason for this is that the pseudo-uniaxial tensile stresses oriented perpendicular to the axis of the 
ribbon, which are induced by the hydrogen and oxygen atoms, are incorporated into the ribbon surface in the course 
of its interaction with water vapor. In this case, negative magnetostriction favors the magnetization reorientation into 
the direction perpendicular to the tension direction, i.e., parallel to the ribbon axis. The results of the investigation 
showed that the heat treatment with the optimal duration of isothermal holding also forms a state with the negative 
magnetostriction. 
The study of the changes in the magnetic permeability and magnetization distribution with time has revealed the 
following interesting features. In all cases, the decrease in the relative volume of the domains with orthogonal 
magnetization has been observed after a lapse of 9 - 10 months. For example, V⊥ decreases to 2% in the specimens 
subjected to the heat treatment with the duration of the isothermal holding that exceeds the optimum duration. The 
state in the ribbon plane where are almost no domains with planar magnetization oriented perpendicular to the 
ribbon axis is formed. The reduction in the volume of domains with orthogonal magnetization over time as a result 
of the volumetric components of tensile stresses rise is possible only for states with negative magnetostriction. It 
follows from this that the change of the structural state of the ribbon can lead to a change in the magnetostriction 
sign of the alloy. The change of the saturation magnetostriction sign in the process of heat treatment was also 
observed in the work (Ivanov (2013)). Taking into account that the state with the negative magnetostriction in 
ribbons is formed with low and high degrees of crystallinity, we can conclude that the intermediate state with the 
positive magnetostriction is metastable. 
4. Conclusions 
It has been established that the physical causes of the magnetic characteristics formation in the cobalt-based 
alloys are the same as those for iron-based alloys. Change in the magnetic characteristics after annealing results 
from the relaxation of the quenching induced internal stresses, as well as from the effect of the stresses induced by 
the hydrogen and oxygen atoms embedded into the ribbon surface in the course of its interaction with water vapor in 
air and by the formation of the amorphous-crystalline surface layer. 
The study of the magnetization distribution and the magnetic characteristics of the Co–Fe–Ni–Cr–Si–B 
amorphous soft magnetic alloy has shown the possibility of using the vapor treatment of the ribbon surface made of 
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the amorphous soft magnetic alloys to determine the sign of magnetostriction. The sign dependence of 
magnetostriction on the structural state of the ribbon is found on the basis of the obtained results. 
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